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® 



MOTOROLA 



CONFIDENTIAL PROPIETARY 



OR OLA Hi-' 



! 



AUiVi.S' !NfT=LL£C7UAL 



DISCLOSURE FOR PATENT COMMITTEE 
SUBMITTED PURSUANT TO EMPLOYMENT AGREEMENT. 
FOR INSTRUCTIONS FOR COMPLETION CONTACT 
PATENT COMMITTEE MEMBER IN YOUR ORGANIZATION 
1/94 PLEASE SEND TWO (2) COPIES 



SI DISCLOSURE NO. 



7" ^ 



fggg Inventor(s) will not fill in iSSSi 



I. DIVISION 



%\ COM! 



M^TTEE^MNVEi 



DATE 



(INVENTOR MAY SELECT) 



gi j | Circuits/Packaging 

I 



Process 



Inventors must fill in all items 1 to 14. (PLEASE PRINT OR TYPE) 

ITEMS 2 TO 4 MAY REQUIRE EXTRA SHEETS. BE SURE THEY ARE SIGNED, WITNESSED AND ATTACHED. 

1. Name of the invention, (limit to ten words) .Automatic threshold voltage selection for dual- 
Vt circuits given high-level designer constraints . 

2. What are the problems solved by this invention? see attached sheets 

3. Give a complete description of the invention, including its operation, purpose and environment. (Use 
separate sheets), see attached sheets 

4. What improvement over known technology is accomplished by this invention? see attached sheets 

5. List the closest known technology (e.g. publication, patent or commercial product) providing the same 
or similar results: "Design and Optimization of Low Voltage High Performance Pual Threshold 
CMOS Circuits", Liqiong Wei, eC, al. - DAC 98 

6. What new elements (e.g. components, circuits, process steps) or combinations of known elements 

or software algorithm produced the improvement? A new method for generating optimal mixed- 
vt circuits based on high-level user constraints. 

7. What are the potential applications for use of this invention? Low power, high performance micro 
processors, micro-controllers and circuit designs - 



8. What was the conception date? VflH (Attach pertinent tog sheets, drawrngs.etc, to support 
dates. Always attach the earliest drawing and the earliest written description.) See attached sheets 



9. To whom did you first disclose this invention? Name: Gopal vi jayan 



Date 



10. When was the device first built and tested? 
State the present location of the device. 



Date? 



Motorola 



DETERMINATION OF LEGAL INVENTORSHIP FOR PATENT APPLICATION MUST BE MADE BY 
THE INTELLECTUAL PROPERTY DEPARTMENT. 



Inventor's signature (IMPORTANT - YOU MUST USE YOUR FULk NAME^ jfrJO INITIAL^ 



11. Inventors Name: Tim Edwards 
Social Security ^o^ ^525^08-4^3 
Badge No.: A1631 ^ui\\D^p: F30B 
Dept. No.: RU41S Phone:512-794-4343 
Country of Citizenship: usa 



Signature:*^Jffi^^ ^ Date 7 

Home Address: 4717 Alta Loma Dr. 

City, State: Austin, TX Zip; 78749 

Manager's Name/Mail Drop: David Blaauw, F3 0B 



PAGE 33/42 ' RCVDAT 2/16/2005 5:04:54 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF-1/0*DNIS:872930fi ' CSID:5129966854 4 DURATION (mnws): 11-42 



02/16/2005 ffED 16:13 FAX 5129966854 Freescale Law Dept. 



Page 2 - Disclosure No. 



MOTOROLA CONFID ENTIAL PROPRIETARY 



12. Inventors Name: Abhijit Dharchoudhury 

Social Security No.: 343-82-6673 

£3T /<?/ Ut°{ 1H 
Badge No.: A3 062 Mail Drbp: F3 0B 

Dept, No.: RU418 Phone: 794-4346 
Country of Citizenship: India 

1 3. Inventors Name: David T. Blaauw 

242-37-4 
Mail Drop: 



Signature 



_Date: 



Home Address: 6519 Hiridge Hollow Dr. 

City, State: Austin TX Zip: 767510 

Manager's Name/Mail Drop; David Blaauw F3DB 



Signature: 7^/^^ 



_Date: 



Social Security No.: 242-37-4313 
Badge No.: A0475 Mail Drop: F30B 



Dept. No.: ru 409 Phone: 512-794-4356 
Country of Citizenship: USA 



14. Inventors Name: Supamas Sirichotiyalcul 
Social Security No.: 43 6-ai-5i5p 
Badge No.: ^^(ifi^* 30 * 
Dept. No.: RU 417 Phone: 512-794-4163 
Country of Citizenship: Thailand 



Home Address: 5911 Cainino Seco 

City, State: Austin TX Zip: 78731 

Manager's Name/Mail Drop: m. Jackson F30B 
Signature: ^fivft**** ^lA^^a&^€luJ^ A\^\ 



Home Address: 11624 Jollyvllle Rd #624 

City, State: Austin TX Zip: 787S9 

Manager's Name/Mail Drop: David Blaauw F30B 



15. Inventors Name: chanhee oh 



Badge No. :A573 5 



Social Security No.:464-85-297j5 

'Mall Drop: F3 0B 
Dept. No.:*u>4l8 Phone:512-S9 1-4015 
Country of Citizenship: Korea 



Manager s Name/Man urop: David 
Signature: 

Home Address: 272 Fawn Ridge 



_Date: 



City, State: Cibolo, TX Zip: 78108 

Manager's Name/Mail Drop: David Blaauw F3 0B 



1 5b. inventors Name: Rajendran Panda Signature: 
Social Security No.: 33^""^ "^d^ 
Badge No. ^35^" .Ma^2rop^ F3 0B 

Dept, No,: RU418 Phone: 512-691-4345 
Country of Citizenship: India 



Date: 



Home Address: 

City, State: Austin TX 
Manager's Name/Mail Drop: 



Zip: 

David Blaauw F3QB 



Witness signatures (TWO WITNESSES ARE REQUIRED) 
Witness must sign this form and all attachments. 

THE WITNESS IN SIGNING THIS FORM ATTEST TO THE FACT THAT THEY UNDERSTAND THE 
INVENTION. 



16, Witness Name:J°e Norton 



Signature 



_Date: 




17. Witness Name;Rajat Chaudhry 



Signature 



.Date: 
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Items 18 to 26 are to be filled in by the ENGINEERING MANAGER, LABORATORY MANAGER or above. 
THE MANAGER IN SIGNING THIS FORM ATTESTS TO THE FACT THAT THE MANAGER 
UNDERSTANDS THE INVENTION. 

18. What product will this invention be used in? (No codes names - use brief description if necessary) 
Invention will be use<3 in design of Motorola digital ICs, including the MSIL Quartz 

19. When is the estimated shipping date? Not Applicable 

20. When (was)(will) the first offer for sale of a product incorporating this invention (be) made? 
Date: Not applicable 

21 . When (was)(will) the first disclosure outside of Motorola (be) made? 

How and to whom? State titl e and date of publication, if any. submission date: 

22. What is the market for products incorporating this invention? Microprocessors and microcontroller 

~* 

23. Who are the potential competitors: Internal CAD organizations within Motorola 
coinpetitors 



24. Did this invention result from work on a development Contract? (YES)(NO) Contract No. No 
Who was the contracting party? 



25. Discuss the business impact that this invention will have on Motorola. Reduce area, delay and 
leakage power of Motorola digital ICs. 

26, Manager's Name; Bill Read " Signature: "Z+t^SL SJp*~~ p a te: 
Phone: 794-4021 ^ 
Dept. No.: rm532 



Witness Signature: 
Witness Signature: 



Adbr 
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2. Problems Solved 

Increasing demand for portable devices has created a greater need for circuits with very low static 
leakage current Due to the resulting decrease in supply voltage, power-conscious designers have 
begun to utilize dual voltage threshold (Vt) transistor designs. In a dual Vt circuit, transistors can 
have either a high or low threshold voltage characteristic. Low Vt devices have approximately 
twice the switching speed of a high Vt device, but they contribute a leakage current that i$ several 
orders of magnitude higher along with a slightly higher capacitance. In order to meet both the leak- 
age and performance requirements of portable devices, a mixture of low and high Vt devices must 
be used. In this patent we propose a new method which automatically select an optimal Vt mixture 
such that all design constraints are met. 
3- Description 

This algorithm allows a designer to optimize the Vt mixture based on several constraints, including 
the maxiumum leakage (Isub) allowance, the minimum performance requirement, and 
combinations of these two. Other useful constraints are possible and easily integrated. The 
designer supplies a circuit which is incrementally adjusted until the given constraints are met or 
until no more adjustment is possible. At each iteration, a transistor (or group of transistors) is 
chosen for "promotion", or Vt-lowering, based on its promotion sensitivity. This sensitivity is 
calculated using the projected effect of a Vt change on the timing of the circuit as a whole (via a 
static timing analysis tool) relative to the increase in circuit leakage (via a fast leakage 
measurement tool). A promotion affects circuit balance, since the performance characteristic of 
the promoted transistor changes the balance of critical paths in the circuit. Transistor area is 
redistributed to compensate, by shifting area from promoted devices to the devices with increased 
criticality due to the promotion. This redistribution can be done in one of two ways, the first which 
maintains area while increasing performance, and the second which maintains perfomxance while 
reducing area. Such a redistibution is easily accomplished using a automated device sizing tool. 

Each such iteration (device selection, followed by Vt promotion and area redistribution) moves the 
circuit incrementally closer to the designer's specified constraints. When all constraints are met 
(or no more advancement is possible) the process ends, and the resulting solution meets all 
reachable designer constraints. 

4. Improvements Over Known Technology 

This algorithm provides a new approach for threshold voltage selection that effectively trades off 
leakage current, circuit performance, and transistor area. A greedy algorithm based on leakage 
sensitivity information, this technique results in a solution with excellent characteristics in terms 
of power, performance AND transistor area* 



4 
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